Purpose : To evaluate regional differences in relative metabolite ratios in the normal human brain by lH MR spectroscopy (MRS), and compare the spectral quality obtained by the automated prescan method (PROBE) and the manual method.
clinical utility, of lH MR spectroscopic examination involves many elements ranging from proper patient preparation to the appropriate choice of normative data against which pathology can be judged. Among these elements, a reproducible, rapid, and routinely administered acquisition and processing protocol are essential ( 18) .
Despite its usefulness, its practicality of the technique as a part ofroutine brain MRI procedures is limited by technical difficulties and the impractical temporal resolution of data acquisition. Operator-dependent spectral quality has been a problem, as we11 as lack of reproducibility and the length of time required for data acquisition. Recent developments in lH MRS, however, have tota11y automated the acquisition of data and dramatica11y improved temporal resolution. A new Single-Voxel Proton Brain Exam (PROBE/SV; General Electric Medical Systems, Milwaukee, Wis) permits automated shimming, water suppression, and data processing, and provides on-line spectrum display, a11 ofwhich enable PROBE/SV examinations to be perfor~ed in less than 10 mins ( 18, 19) . A recent trial of more than 100 normal subjects from ten different research institutes showed that PROBE/SV determines principal proton resonances with acceptable precision and reproducibility (18) . However, no study has compared the results ofPROBE/SV with traditional MR spe깅troscopy data in normal volunteers in Korea and because it is used as a reference for the evaluation of various intracranial diseases, the lH MR spectral pattern ofthe normal human brain is important.
The purposes of this stud y are to evaluate regional differences in 1 H MR spectroscopy in normal human brain and to compare spectral and relative metabolite patterns between automated PROBE/SV and the conventional manual prescan method.
Materials and Methods
In 20 normal volunteers aged 8 -47 years, we performed lH MR spectroscopic examinations and evaluated spectra; ifpossible, both PROBE/SV and manual prescan methods were used in the same patients . Thirty-four studies by PROBE/SV and 33 by manual methods were perfomed . Five regions of the human brain were examined (N=PROBE,manual): frontal white matter(N= lO, 10), parietal white matter(N=9, 9), basal ganglia(N=6, 5), thalamus (N=5, 5) and cerebe11um(N=4, 4). The selection of voxel size and position was determined by examining the MR images in the sagittal and axial planes. Voxel size was approximately 8cm 3 (2 X 2 X 2cm), voxels were chosen mainly from axial planes, and to avoid tissue contamination from adjacent structures and to keep the technique consistent, a11 were positioned by an experienced neuroradiologist. Restricting the edge of voxels to positions approximately 5 -10mm from the sku11 prevented contamination of the spectra by strong signals from scalp fat, which can mask lactate resonance.
MR imaging and PROBE/SV examinations were performed with a 1. 5-T whole-body MR system (Signa; General Electric Medical Systems, Milwaukee, Wis) quipped with active shielded gradients operating with version 5.5 software and a quadrature head coil. Before spectroscopy, we obtained conventional MR images using spin-echo T1-weighted axial and sagittal images (TR/TE : 484/8 -9 msec; NEX: 2; matrix size: 256 X 192; slice thickness: 7mm; interslice gap: Omm) and T2-weighted images(TR/TE : 4000/98; NEX : 2; matrix size : 256 X 256 ; slice thickness : 7mm ; interslice gap : 0 mm). In no case was contrast enhancement performed.
For a11 spectra, STEAM (Stimulated Echo Acquisition Method) localization sequence with three-pulse CHESS(Chemical shift selective) H 2 0 suppression was used with the following acquisition parameters : TR= 3.0sec, TE=30msec, TM=13.7msec, SW=2500Hz, SI= 2048pts, AVG=48, and NEX=2. The post-processing was carried out at a SUN SPARC 20 workstation with Spectral analysis/General electric (SA/GE) software incorporated with low frequency filtering of residual water signal removaL apodization by 0 .5Hz of exponential line broadening, zerofilling of 8k, FT, and lorenzian to gaussian transformation. Cr : creatine/phosphocreatine mI: myo-inositol Using these two different methods, the metabolites with Cr present in each region were measured and compared.
Regional differences in relative metabolite ratios (NAA /cr, Cho/Cr, mI/Cr) between PROBE and manual methods were analyzed, using Wilcoxon' s rank sum test.
Results
For human brains, a total 61 reliable spectra were successfully obtained by PROBE/SV(N=28; success ratio : 28 /34=82 %) and manual scanning(N=33; success rate : 100 %). In three of six cases in w hich PRO BE/ SV was unsuccessful, this was due to prescan failure, and in the other three, to post-processing failure.
The predominant signals were N-acetylaspartate (NAA) at 2.02 ppm, creatine and phosphocreatine(Cr) at 3.04 ppm, choline(Cho) at 3.21 ppm, and myo-inositol(mI) at 3.S6ppm (Fig. 1) . The values ofNAA/Cr, Cho/ Cr and mI/Cr ratios at various brain sites of the normal volunteers were clearly demonstrated; though there was regional variation, the ratios were not significantly different between PROBE/SV and manual prescan (p ) O.OS)( Table 1 , 2, andFig. 2).
Similarly, spectral patterns in both PROBE/SV and manual prescan were not significantly different (Fig. 3) .
Discussion
Through the development of in-vivo proton MR spectroscopy, functional and metabolic information about various human brain diseases can now be 0 btained non invasively and without the use of ionizing radiation (20) . This knowledge can in turn offer new insights into the pathophysiology of numerous neurologic disorders. Unfortunately, conventional MR spectroscopy examinations are time consuming and operator dependent and involve fairly complex manual post-processing work (18, 19) .
Recent developments in 1 H MRS, however, have totally automated the acquisition ofthe data and dramatically improved temporal resolution. Using PROBE/SV, acquisition parameters can be ad justed in 2 -5 minutes, including the adjustment of the offsets of x, y, and z shim coils, transmitter radio-frequency (RF) powers, receiver gains, on-resonance frequency, and RF powers used for suppression of the water signal. In addition, automated lH MRS can immediately postprocess data, and display the crude spectrum on the
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monitor screen straight after acquisition. On the other hand, manual ad justment of those parameters consumes more than 30 minutes and is technically more difficult than the automated method (19, 21) . To determine intersite and intrasite variability of metabolite ratio measurements, PROBE/SV was re cently tested in a preliminary multisite trial. In a sample of over 100 examinations, the standard deviations (SDs) of the metabolite ratios were low (SD ( 10% for NAA/Cr and SD ( 15 % for Cho/Cr) (18) . The low variability and good reproducibility of these results strongly support the use ofthis automated technique. Conversely, greater variation has been reported when manual adjustment or manual processing has been used (18, 22) . In our study, the SDs of relative metabolites ratios of NAA/Cr and Cho/Cr determined by PROBE/SV and manual prescanning were 9% and 18 %, and 8 % and 19%, respectively. This result shows that variations in the relative metabolite ratio between PRι'BE and manual methods are similar and that features of both methods are low variability and good reproducibility.
Because it allows for short TE acquisition at the price of a lower signal-to noise ratio, only STEAM pulse sequence were used in our study. Specifically, proton MR spectroscopy at long echo times (135 and 270msec) allows the detection of four types of metabolite : choline compounds, creatine/phosphocreatine, N-acetylaspartate, and lactate (2, 22) . Using a short echo time (20 -30msec) , other resonance peaks such as myo-inositoL glycine, glutamine/glutamate, macromolecules, and lipids can be distinguished (2, 23) . When examining abnormalities of the human brain such as tumors and cere bral infarctions, we may be seeking not only the four major metabolites with a long echo time, J Korean Radi이 Soc 1998:38:385-390 but also others; if so, a short echo time should be applied. Furthermore, the application of MR spectroscopy to musculo-skeletal organs or hepatic diseases, for example, demands the use of a short echo time .
The fundamental peaks demonstrated by lH spectroscopy in the human brain were as follows : Nacetylaspartate (NAA), choline compounds (Cho), creatine/phosphocreatine (Cr), and myo-inositol (mI). NAA is understood to be a neuronal marker, and a decrease in NAA is due to loss ofneurons or neuronal activity as a result of myelin breakdown. Cho appears to contain contributions from phosphorylcholine and glycerophosphorylcholine, which are precursors to cell membrane and the breakdown products of cell membrane, especially the myelin sheath, respectively. An increased Cho signal is thought to be an indicator of active demyeljnation. Cr appears to be a phosphate res ervoir is related to cell metabolism and has been assumed to be constant in healthy adults . As a carbohydrate metabolic intermediary as a precursor of compounds in intracellular signaling pathways, as a constituent of membrane phosphatidylinositol and as an osmoregulator, mI peaks are thought to play central role in the brain (7, 8, 16) .
In PROBE/SV, six MRS spectrums failed. Three cases involved, respectively, auto-prescan failure due to difficu lty in shimming, technical failure and movement by the patients, and it is hoped that more effort and development will decrease the failure rate of autoprescan. Even though auto-prescanning was good, the other three cases failed at the stage of post-processing because of slight movement by the patients concerned. PROBE/SV is very sensitive in this way and is a limi tat 디 ion 0 야 fi 따 t 얀 s a 때 pp 미 lica 값 t 디 ion to MR spectroscopic examination and to organs other than brain. Manual pre-scanning, on the other hand, led to no prescan or postprocessing failure. In cases where auto-prescanning with PROVE fails for any reason, where patients move slightly, and where MR spectroscopic examination is applied to organs other than the brain, manual prescanning is mandatory. In summary, PROBE/SV is a highly practical and reliable method for single voxel1H MR spectroscopy of the human brain, and is sensitive to regional differ ences in relative metabolite ratios. The two methods of prescanning did not reveal differences in spectral patterns or relative metaboli the patient' s condition and the region of the brain, PROBE/SV and the manual method should be used in conJunctlOn .
